ABSTRACT: Globally widespread phosphate fertilizer applica-10
Research on long-term Cd accumulation trends in soils 42 benefits from field trials run over several decades with 43 continuity of land-management practice. A recent study 44 addressing Cd concentration in soils from the long-term 45 Winchmore field trial in New Zealand showed that the rate of 46 Cd accumulation started to reach a plateau in the period since 47 ∼2000 AD. 9 This indicated that post 2000 AD, Cd inputs in 48 fertilizers were lower than outputs from the soil zone (leaching, 49 plant uptake). However, the extent to which the soil Cd burden Table S4 ). The resulting mass balance 235 equation is given below (eq 3).
237 238 δ n is the isotope ratio of the compartment in per mil, and [Cd] n 239 is Cd concentration and derived as follows (eq 4): (4) 241 Isotope fractionation in each input and output term is 242 calculated by multiplying the δ value (e.g., δ n leach ) by an 243 appropriate α value (e.g., α soil-leachate ), where α defines the 244 equilibrium partitioning of Cd isotopes between the reactant 245 and product (eq 5). analysis is given in the SI (see Table S3 ). Otherwise, data is conditions, so Cd is strongly redox-sensitive in this sense and (Table 2) . Different 407 strategies were considered in selecting the end-members to 408 calculate the fractional contribution of different sources through 409 time (Table 2) . Given the relatively small sample size in our set 410 (N = 26) we acknowledge that our approach is constrained and 411 would be enhanced by additional replicate measurements. 412 However, the Bayesian approach followed provides the best 413 means of estimating the accompanying errors. (Figure 2b) . The results are therefore consistent with Cd in 458 Winchmore soil samples being primarily derived from Nauru 459 fertilizers, which is consistent with previous studies that have 460 shown the typically long residence times of Cd in soil (e.g., up 461 to 3000 years). (Figure 1b) . 476 The analysis of sequential topsoil extracts confirmed that 477 only a relatively small proportion (37%) of the total Cd was 478 readily exchangeable (displacement by Mg 2+ at pH 7) (SI 479 Figure S2) . Therefore, excluding hydrological changes 480 associated with climate over the period, we identify two 481 probable drivers of the concentration plateau: Table   526 S4 for details of modeling scenarios). The second scenario (Figure 3a ). This overestimation was tested in a 542 fourth scenario, in which the leaching rate was doubled for the 543 post-2000 AD period. The results of scenario four (SI Table  544 S4) showed a closer correspondence to the measured Plot 15 545 Cd concentrations, post-2000 AD (red dashed line (Figure  546 3a) ). The doubling of Cd removal by leaching did not 547 substantially alter the modeled soil isotope ratio between the 548 third (red line (Figure 3b) ) and fourth scenarios (red dashed 549 line (Figure 3b) ).
550
The mass balance modeling results confirm that recent 551 applications of P fertilizer have not resulted in an accumulation 552 of Cd consistent with the model boundary conditions (for crop 553 uptake/leaching (SI Table S4 )) which gave good agreement for 554 the period prior to 2000 AD (Figure 3a) . This implies that The modeled isotope ratios given in Figure 3b- 11 lines designate modeling scenarios as in (a), red dots are the third scenario with no fractionation (α factor not applied); (c) modeled scenario 3 (solid) and scenario 4 (dashed) isotope ratios in topsoil (red lines), leachate (blue lines) and pasture (green lines).
